® 



Eur pSisches Patentamt 
European Pat nt Office 
Office europeen des br v ts 



iiHieiiiii 

0 Publication number: 0 471 1 09 A1 



® 



EUROPEAN PATENT APPLICATION 



® Application number: 90115758.6 
@ Date of filing: 17.0&90 



® Int. CIA G1 IB 7/26, B29D 17/00 



® Date of publication of application: 


Zelsigweg 17A1 


ia02.92 Bulletin 92/08 


W-7030 B6biingen(DE) 


0 IDesignated Contracting States: 
DE FR GB IT 


Inventor: Trippei, Gertiard, Dr. DIpL-Phys. 


Stelnenbronner Strasse 15 


W-7032 Sindelfingen(DE) 


® Applicant: International Business Machines 




Corporation 


@ Representative: Gaugel, Heinz, Dipl.-ing. 


Old Orctiard Road 


Anmonk, N.Y. 10504(US) 


IBM Deutschland GnnbH Sch5nalcher 
Strasse 220 


@ Inventor: Stelner, Werner, Dlpl.-lng. 


W-7030 B5bilngen(DE) 



< 



1^ 



® Manufacturing process fbr grooved substrates and multilayer structura 

® Grooved substrates and multilayer structures, especially suitable for optical disks, are taught. The major 
process steps include spin coating of a supporting plate (1) with dissolved material forming a soft layer (7) 
thereon, stamping grooves (2) into the soft layer (7) to form a structured soft layer showing the negative Image 
of the stamp and hardening the structured soft layer (7) by thermal treatment. The dissolved material contains 
polymeric organometal compounds comprizing polymer siloxane and/or polymer silicates. In one embodiment 
the structured soft layer is a dielectric layer (8) containing various combinations of the oxides Si02, La203, PbO 
and TiOa. The multilayer structure is completed by a magneto-optic layer (4), a reflector layer (5) and a 
passivation layer (6). 




FIG. 3A 
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Th pr sent inv ntion r lates to a process for manufacturing a grooved substrat and to a multilay r 
structur . Th grooved sut)strate and the multilay r structure ar especially suitabi for optical disks. 

Microstructuring of thin di lectric layers or processes for manufacturing grooved substrates ar needed 
in the whol data processing technology. Applications ar to be found not only in th semiconductor and 

5 packaging technology but also in integrated optics technology, in the storage technology, e.g. for data 
communications, for magnetic disks and especially for optical disks. The high storage density of optical 
disks is achieved by using beam diameters of approximately 1 um. The information is recorded at a 
predetermined position and read out from a predetermined position. Therefore the beam position needs to 
be accurately controlled by the use of guide addresses or guide signals. These typically are microscopic 

10 grooves, which in conjunction with a sensing mechanism and a servo system operating upon the optical 
beam serve to guide the beam in the correct direction during recording and reading operations. Various 
methods for forming the grooves on the optical disk have been proposed. 

PCT/EP88/00479 describes a hot stamping process for fonrning the tracking grooves directly in the 
glass surface of an optical disk. According to this method the glass sut)strate is heated in excess of the 

T5 softening point of the glass types used, typically higher than 600* C. The temperature of the heated stamp 
shouM preferably be lower than the transformation temperature of the glass type used, typically 380 - 
450* C. The microstructure on the heated stamper deforms the surface of the glass substrate resulting in a 
con^esponding microstructure on the surface of the glass substrate, which, when separated from the 
stamper and cooled in a controlled nnanner, gives the desired surface microstructure on the glass substrate. 

20 Microstructures formed on the surface of the glass substrate using the hot stamping process as described 
above conform to the microstructure on the stamper across the area of the substrate surface, but, for 
example, the glass may flow into a deep groove in the stamper to give a shallow protrusion on the substrate 
surface. Since for reasons of economy and product cost reduction it is desired to re-use the stamper a 
number of times the hot stamping process needs the selection of appropriate stamping conditions and 

25 coating materials for the glass layer to enable a single stamper to be used repeatedly without sticking 
problems. The high temperatures applied to the glass substrate during hot stamping processes. e.g.higher 
than 600* C, may cause the deformation of the glass substrate. 

The method for manufacturing substrates having a targe number of fine grooves thereon as described 
in US-A-4 810 547 comprises applying a solution containing at least one organometal compound and a 

30 thickening agent onto a body of substrate to form a film having plasticity, impressing in the surface of the 
film formed on the substrate with a mold and cak:ining the film to solidify the same. A similar method is 
claimed in the unexamined Japanese patent application JP 62 102 445. 

These methods provide advantages in that the resulting film has a shrinkage lower than that of gel films 
as for example used in PCT/GB88/01080 and seldom causes cracks and/or warpage due to nonuniform 

35 drying rate since the organometal compound is formed in a film on the sut>strate body. 

When used for optical disks grooved substrates and structures should have a high refractive index and 
a high signal to noise ratio in addition to the aready mentioned properties. This normally is achieved by 
producing a multilayer structure on a grooved substrate, as described by Takahashi et al. in "High quality 
magneto-optical disk", SPIE Vol.695 Optical Mass Data Storage II (1986). 

40 There has been a strong need for substrates with fine grooves, especially for optical disks, which do not 
show the various disadvantages afore mentioned and which, on the contrary, have an extremely high 
dimensional stat)ility and reliability as well as a high productivity in their manufacturing process. Thus it is a 
principical object of the present invention to provide a new grooved substrate with extremely high 
dimensional stability, sharp edges of the grooves and exact transfer of the stamper image to the substrate. 

45 Another major ot)ject of the present invention is to enhance the refractive index and the signal to noise 
ratio of the grooved substrate especially when used for optical disks. 

It is anottier object of the present inventk>n to avoki blisters or cracks in the grooved film. 
A further object of the present invention Is to provkJe a manufacturing process which ensures the re-use 
of the stamper and whk^h is quite simple and economic. 

50 The above mentioned and other objects of the present invention are achieved by providing a multilayer 
structure comprising a substrate with plane, unstructured surfaces, a structured glasslike layer provided on 
one surface of said substrate, wherein said glasslike layer contains grooves in the layer surface not adjacent 
to said substrate, a dielectric layer disposed on sakf structured glasslike layer, a magneto-optic layer 
disposed on said dielectric layer, a reflector layer disposed on said magneto-optic layer and a passivation 

55 lay r disposed on said reflector layer, wherein said dielectric layer, said magn to-optic layer, said reflector 
lay r and possibly said passivation layer contain the grooves of said structured glasslike layer. 

This multilay r structure and ottier grooved sut)strates may be manufactured according to a process 
comprising th st ps of spin coating of a supporting plate with dissoh/ed mat rial, forming a soft lay r on 
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said supporting plate, stamping grooves into said soft lay r with a stamp, wher in said stamp shows th 
negative image of the structure to t>e transmitted to said soft lay r thus forming a structured soft layer, 
hardening of said structured soft lay r t transform said structured soft lay r into a hard, structured lay r. 
wherein said hard ning is accomplished by th nmal treatment, wh r in said dissolved mat rial contains at 
5 least one polymeric organometal compound. 

Further developments are laid down in subclaims 2 to 7. Ways of carrying out the invention are 
described in more detail below with reference to the drawing which illustrates only specific embodiments 
and in which 

Fig. 1A shows a part of the surface of an embodiment of a grooved substrate with a 

10 magnification factor of 5000; 

Fig. IB shows a part of the surface of the same embodiment; due to a magnification 

factor of 20.000 the fine grooves with their sharp edges may be seen; 
Rg. 1C and Rg. ID show both a part of the surface of an embodiment with a magnification factor of 

10.000; 

Y5 Rg. 2 is a schematic diagram showing the cross-section of a state of the art grooved 

structure for optical disks; 

Rg. 3A is a schematic diagram showing the cross-section of one emt>odiment of the 

present invention; 

Rg. SB is the same diagram as in Rg. 3A showing another embodiment 

20 Rg. 3C is a schematic diagram showing the cross-section of one embodiment with two 

multilayer structures attached to each other and 
Fig. 4 is a diagram explaining the enhancement of signal-to-noise ratio and refractive 

index dependent on the dielectric layer thickness. 
Referring now to Figs. 1A and IB the surface of a grooved substrate with stamped fine grooves of 1 am 
25 in width and 70 nm in depth with their sharp edges are clearly to be seen. To produce a sut>strate with fine 
grooves a supporting plate is spinKX)ated with dissolved material forming a soft layer on the supporting 
plate. Tbe dissolved material contains controlling compounds and polymeric organometal compounds. The 
controlling compounds control the viscosity of the layer during the following process steps. Especially the 
spin-on time, the number of revolutions per minute during the spin-on step, the transportation time to the 
30 stamp and the time delay until the stamping step is carried out are to be adjusted carefully. The controlling 
compounds comprise ethylene glycol. Grooves are stamped in the soft layer with a stamp showing the 
negative image of the structure to be transmitted to the soft layer. By thermal treatment the structured layer 
is hardened and transformed into a hard structured layer. In accordance with the invention the polymeric 
organometal compounds comprise polymer slloxane [RxSiOy]n or silsesquioxane. polymeric titanate [TiOaJn 
35 and polymer silicates [Si02]n like phosphosilicates or phosphosiloxane. These materials consist of long 
molecule chains containing reactive silanolgroups with a high silicon portion. During the hardening step the 
soft structured layer is transformed Into a hard. Si02-like layer. This transformation takes place accom- 
panied by volume reduction due to polycondensatkm and thermodegradatbn effects: 

40 

I I II 

-Si-OH -h HO-Si > -Si-0-Si-+ KO 

I I 11^ 

^ I III 

-Si-OCK + HO- Si > -Si-O-Si- +ahLOH 

so 
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Typical cond nsation reaction 
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20 

Typical structure of polymer siloxane network 

The use of dissolved material containing already polymerized organometal compounds with a high Si 

25 content decreases the volume reduction considerably. This effect may t>e intensified by lowering the portion 
of solvent in the controlling compounds. By carefully chosing the amount of solvent the drying speed of the 
spun-on dissolved material is controlled. A high moisture content of the soft layer to be structurized will 
cause the destruction of the grooved structure during the separation of the stamp. Using an ethylene glycol 
portion of atx)ut 30% results in a drying speed reduction without affecting the accurateness of the 

30 replication. Similar solvents like glycerine also reduce the drying speed but cause micro tMJbbles in the 
structured layer leading to poorty defined edges. With a thermo gravimetric analysis information alx)ut the 
weight loss of the organometal compounds during the hardening Step may be obtained. The weight loss 
depends on the hardening temperature and the atmosphere. ACCUGLASS 204 (trademaric of Allied-Signal 
Inc., Milpitas, CA), containing polymer siloxane as organometal compound, shows a continuous weight loss 

35 in the temperature range from 50* C to about 480* C. in air the weight loss is as small as atx>ut 13% and in 
nitrogen atmosphere it is even lower with al)out 7%. Very low weight losses are shown by ACCUGLASS x1 1 
series with 5% 1 %). Thus the process as claimed leads to less volume shrinkage and thus higher 
exactness in accepting and keeping the form of the stamp, resulting in grooved substrates with extremely 
high dimensional stability, sharp edges of the grooves and exact transfer of the stamper image to the 

40 sut)strate. avoiding blisters or cracks in the grooved film. 

The stamping is carried out at room temperature and at low stamping pressure, preferably at about 1 to 
6 t>ar in an isobaric press. These conditions avoid breakage of the stamper plate by foreign particles and 
the deformation of the microstructure of the stamper. The stamp is preferably coated with a thin cartx)n 
layer of preferably about 0.4 um to prevent H from sticking to the structured soft layer. Other coating 

45 materials tested like silicon, siliconoxide, siliconnitride. nickel or tungsten lead to a close sticking of the 
stamp to the structured soft layer. The typical adhesion shown by the plane and parallel surfaces of the 
stamp and the structured layer in intimate contact after the stamping step n^ay be overcome by a special 
treatment without applying external forces. Heating up the stamp to about 130* C assures the unifonn 
detachment of the stamp and the integrity of the grooved structures as well as of the stamp itself. During 

50 this thermal treatment small amounts of solvent of the structured layer evaporize forming a sort of gaseous 
tx)lster between the coated stamp and the structured layer. This detachment mechanism is supported by 
the different thermal expansion coefficients of the coated stamp and the structured layer. Thus after, if 
necessary, a simple cleaning procedure the stamp may be reused leading to a considerable reduction of 
th manufacturing costs. 

55 To achieve grooves of 1 urn in width and 70nm in depth a mixtur of 1 g thy! ne glycol and 30 g 
Accuglas 204 is spun on the cleaned glass sut>strate within 10 s at 1500 rpm. At a stamping pressur of 
at>out 6 bar th desired structur is stamped int th spun-on lay r with a cark>on coated stamp within 3 
minutes. Then th structured lay r and the stamp adhering to it ar heated up to atx>ut 130* C. After 
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approximat ly 4 to 5 minutes th stamp d tach s from ih grooved substrat mor or less automatically, it 
pops up, without applying xtemal forces. The following thermal treatment at atx)ut 400* C during atx)ut 1 
hour transforms th structured soft lay r into a hard, transpar nt lay r showing good adhesion t th glass 
substrat und meath. In anoth r experim nt a mixture of 1g thylen glycol and 30g ACCUGLASS 310 is 

5 spun on the glass sut)strate within 70s at 1500 rpm and stamping is carried out at a stamping pressure of 3 
bar within 2.5 minutes. Excellent results were obtained showing very fine grooves in the hardened 
structured layer with widths of 0.4 um and below. 

Rg. 1C and Fig. ID show both a part of the surface of an embodiment. In Rg. 1C the grooves have 
been stamped after air drying of the spun-on soft layer. In Rg. ID a prebake and cure step were applied to 

10 the soft layer after the stamping step. There can be seen no differenc in the sharpness of the grooves of 
Rg. 1C and Rg. ID. Due to the high Si content in the polymerized organometal compounds of the 
dissolved material forming the soft layer this layer already shows a high dimensional stability before the 
thermal treatment of the hardening step. The volume shrinkage of the structured soft layer thus is tow and 
this leads to a high exactness of the stamper image shown by the grooved film. 

IS Rg. 2 is a schematic diagram showing the cross-sectton of a state of the art grooved structure for 
optical disks. The grooves 2 are provided in the substrate 1 itself and the layers forming the complete 
structure are disposed on the grooved substrate. These four layers consist of a dielectric layer 3 of about 
50 nm, thickness, a magneto-optic layer 4 of atx)ut 35 nm thickness, a reflector layer 5 of about 60 nm 
thickness and a passivation layer 6 of atwut 100 nm thickness. 

20 Rg. 3A is a schematic diagram showing the cros^-section of one embodiment of the present invention. 
In this emtxxJiment a silicon dioxide layer 7 is disposed on the plane surface of the unstructured sut)strate 1 
and the grooves 2 are provided in the surface of the silicon dioxide layer 7 not adjacent to the unstructured 
sut>strate 1 . The four layers completing the structure are disposed on the grooved silicon dioxide layer 7. 
Four layers are provided with the same specification and in the same sequence as descrit)ed atx)ve in 

25 connection with Rg. 2. 

Rg. 3B is the same diagram as in Rg. 3A showing another embodiment in which a dielectric layer 8 is 
disposed on the plane surface of an unstructured sut>strate 1 1 . The grooves 2 are provided in the surface of 
the dielectric layer 8 not adjacent to the unstructured substrate 11. The dielectric layer 8 contains various 
combinations of the oxides S\02, La203, PbO and TiOa and replaces the dielectric layer structure of the 

30 emtxxiiment of Rg. 3A consisting of a Si02-layer and an AIN-layer. 

The refractive index D and the signal-to-notse ratio (SNR) of the structure are enhanced in dependence 
of the thickness d of the dielectric layer. This is of special importance when the structure is used for optical 
disks. Receiving these results with only one dielectric layer using the above described composition 
additionally reduces the complexity of the manufacturing process and the process costs. 

3S Three layers, a magneto-optic layer 4, a reflector layer 5 and a passivation layer 6 are completing the 
structure and are disposed on the grooved dielectric layer 8. These three layers have the same 
specification and are disposed in the sanr^e sequence as described above in connection with Rg. 2. 

Rg. 3C shows the cross-section of an emtxxjiment with two multilayer structures attacfied to each 
other. e.g.by glueing, allowing at the same time the use of t)oth sides of the structure to read or write 

40 information. An adhesive layer 9 sandwiched between protective layers 10 links the two multilayer 
structures. 

The enhancement of the signal-to-noise ratio and the refractive index in dependence of the thickness of 
the dielectric layer is shown in Rg. 4 publisfted in "Antireflection Structures for Magneto-Optic Recording". 
OSA Technical Digest Series. Vol.10, p.138-9, 1987. The grooves in the embodiments described in Rg. 3A 

45 and 3B may be manufactured following the process steps of the invention: 

Spin coating of a supporting plate (1) with dissolved material forming a soft layer (7) on said supporting 
plate (1). stamping grooves (2) into said soft layer with a stamp, wherein said stamp shows the negative 
image of the structure to be transmitted to sakJ soft layer (7). thus forming a structured soft layer (7). 
hardening of said structured soft layer (7) to transform said structured soft layer (7) into a hard, structured 

50 layer (7), wherein saki hardening is accomplished by thermal treatment, 

wherein said dissolved material further contains controlling compounds which control the viscosity of said 
layer during the process steps of spin coating and of stamping grooves, wherein said controlling 
compounds comprise ethylene glycol. 

To those skilled in th art it will be obvious that this process to manufactur grooves in a substrat 

55 could equally be well adapted to oth r articles which hav a microstructur which must be accural ly 
formed on th surfac of plat like diffraction gratings or fresnel I nses. 

Claims 
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1. Process for manufacturing a grooved substrate especially for optical disks comprising 

* spin coating of a supporting plate (1) witfi dissolved material forming a soft lay r (7) on said 
supporting plat (1) 

5 - stamping grooves (2) into said soft layer witf) a stamp wtterein said stamp shows the negative 

image of the structure to be transmitted to said soft layer (7) thus forming a structured soft layer 
(7) 

- hardening of said structured soft layer (7) to transform said structured soft layer (7) into a hard 
structured layer (7) wherein said hardening is accomplished by thermal treatment 

10 characterized in that said dissolved material contains polymeric organometal compounds, wherein said 
organometal compounds comprise polymer siloxan and/or polymer silicates. 

2. Process in accordance with claim 1 wherein said dissolved material further contains controlling 
compounds which control the viscosity of said layer during the process steps of spin coating and of 

15 stamping grooves, wherein said controlling compounds comprise ethylene glycol. 

3. Process in accordance with claim 1 or 2 wherein said stamping is carried out at room temperature. 

4. Process in accordance with anyone of the preceding claims wherein said stamping is carried out at low 
20 stamping pressure, preferably at at>out 6 t>ar. 

5. Process in accordance with anyone of the preceding claims wherein said stamp is coated with a thin 
cartxm layer which preferably has a thickness of about 0.4 urn. 

25 & Process in accordance with anyone of the preceding claims wherein said stamp is separated after 
completion of the stamping process by thermal treatment carried out at about 130* C without applying 

external forces. 

7. Process in accordance with anyone of the preceding claims wherein said hardening by thermal 
30 treatment is carried out at about 400* C during about 1 hour. 

a. Multilayer structure especially for optical disks comprising 

- a substrate (1) with plane, unstructured surfaces 

- a structured glassiike layer (7) provided on one surface of said substrate (1) 

35 

wherein said glasslike layer f7) contains grooves (2) in the layer surface not adjacent to said 
substrate (1). 

- a dielectric layer (3) disposed on said structured glasslike layer (7) 

- a magneto-optic layer (4) disposed on said dielectric layer (3), 
40 - a reflector layer (5) disposed on said magneto-optic layer (4) and 

- a passivation layer (6) disposed on said reflector layer (5), 

wherein said dielectric layer (3), said magneto-optic layer (4), said reflector layer (5) and possibly 
said passivation layer (6) contain the grooves (2) of said structured glasslike layer (7) and 

45 

wherein said structure is preferably manufactured folk)wtng the process steps in accordance with 
anyone of the preceding claims 1 to 7. 

9. Multilayer structure especially for optical disks comprising 
50 - a sut)strate (11) with plane, unstructured, parallel surfaces 

- a structured dielectric layer (8) provided on one surface of sakJ substrate (1 1 ) 

wherein said dielectric layer (8) contains grooves (2) in the layer surface not adjacent to said 
substrat (11) 

55 - a magneto-optic layer (4) disposed on said dielectric layer (8) 

- a r fleeter lay r (5) disposed on said magneto-optic lay r (4) and 

- a passivation lay r (6) disposed on said reflector lay r (5), 
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wh r in said magneto-optic layer (4). said r fleeter lay r (5) and possibly said passivation lay r 
(6) contain the groov s (2) of said structured di lectric lay r (8) and 

wh r in said structure is pr ferably manufactured following th process steps in accordance with 
5 anyone of the preceding claims 1 to 7. 

10. Multilayer structure especially for optical disks in accordance with claim 9 wherein said structured 
dielectric layer (8) contains various combinations of the oxides Si02, La203, Pt>0 and Ti02. preferably 

Si02. U2O3 and PbO. 

10 

11. Multilayer structure especially for optical disks in accordance with anyone of claims 8 to 10 wherein 
said magneto-optic layer (4) is made of materials comprising mixtures of rare earth elements and 
transition elements like TbFeCo, TBFe, GdFe. TbGdFe, GdTbCo, TbFeCo, NdFeCo or NdTbFeCo, said 
reflector layer (5) contains Al. Cr. Ag or Au and said passivation layer (6) contains one or more 

75 components out of the group of AIN. SiQ2, Zr02, AI203 .TiQ2. TaOz and SisN^. 

12. Multilayer structure especially for optical disks comprising two multilayer structures in accordance with 
claim 8 or 9 wtterein said two multilayer structures are attached to each other. 

20 ia Optical storage system characterized in that said optical storage system contains a multilayer structure 
as set forth in one or more of the claims 8 to 12. 
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RG. 2 



FIG. 3A 



FIG. 3B 
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